transmembrane potential from cardiac, skeletal and smooth muscles are represented by a reduction in the resting potential and a prolongation of the action potential duration
(1-3), which would he considered to correlate intimately to a production of automaticity in quiescent muscles unless driven by other cells or by artificial stimuli. Pacemaker ac tivity induced by Ba<SUP>++</SUP> in the atrial and ventricular myocardium mimics the normal im pulse generation with respect to the responses of the spontaneous rate and of the membrane potential to exogenous adrenaline (2) and to electrical rapid stimulation of intracardiac sympathetic nerve fibers (4) . It is generally accepted that adrenaline and noradrenaline increase spontaneity of cardiac muscles in association with alterations in the permeability of membrane to cations (5) . However, an earlier report (4) shows that cardiac noradrena line does not seem to participate in automaticity induced by Ba<SUP>++</SUP>.<BR> Calcium ions are well known to play physiologically important roles in regulating the permeability of membrane which underlies the bioelectrical process in cardiac pace maker and non-pacemaker fibers (5, 6) , in the mechanism responsible for the initiation and regulation of cardiac muscle contraction (7, 8) , in the release of the sympathetic trans mitter from peripheral nerves when excited (9, 10) , and in the adrenoceptive receptor me chanism in cardiac muscles (11, 12) . It was suggested that Ba<SUP>++</SUP> served as a current-carry ing ion at zero [Ca<SUP>++</SUP>], upon depolarization of the cardiac membrane, and also acted as a substitute of Ca<SUP>++</SUP> in restoring atrial contractility (4) . It has been shown that Ba<SUP>++</SUP> restores the release of acetylcholine from the superior cervical ganglion which has been abolished by removal of Ca" from the perfusion fluid (13) , and stimulates the release of catecholamines from cat s adrenal glands perfused with the fluid containing normal [Ca++]<SUB>0</SUB> and deprived of Ca<SUP>++,/SUP> (14) .<BR>
The present study was undertaken to investigate (a) effects of Ba<SUP>++</SUP> in concentrations sufficient to produce automaticity in quiescent atrial muscles on the transmembrane poten tial of S-A nodal pacemaker fibers exposed to the normal and the Ca<SUP>++</SUP>-free solution , in comparison with that of atrial fibers, (b) modification by substitution of Ca<SUP>++</SUP> with Ba<SUP>++</SUP> of the positive chronotropic response of the pacemaker fibers to sympathetic nerve stimu lation and exogenous noradrenaline, and (c) effects of Ba<SUP>++</SUP> on atrial contractility which had been abolished by removal of Ca<SUP>++</SUP> from the bathing solution .
Rabbits of either sex, weighing 1.8 to 2.2 kg, were sacrificed under ether anesthesia by bleeding from both common carotid arteries, and their hearts were rapidly removed.
The sympathetic nerve-atrial preparation or the conventional atrial preparation was pro vided as described in earlier reports (12, 15 (Fig. 4-C, shown as 2* on the abscissa in Fig. 3) the magnitude of the resting potential and of the overshoot was more markedly reduced than that in fibers in which no diastolic depolarization was produced (Fig. 4 -B, shown as 2 on the abscissa in The maximal diastolic potential and the threshold potential were rais ed, whereas the size of the overshoot was increased.
The depolarization time, the 10 duration and the 90% duration were significantly prolonged.
In 14 of 16 atria exposed to Ba++ (2.2 mM) in the Ca"-free solution complete dis sociation of activities of the S-A node and of the right atrium was observed, which would be due to block of the S-A nodal-atrial conduction and to pacemaker activities induced in the right atrial myocardium. In the remaining 2 a 2-to-1 block of the S-A nodal-atria] conduction occurred. N=-_number of penetrations obtained from 11 preparations exposed to the Ca" free solution and 10 preparations to 2. (19) . In any case, electrical activities of S-A nodal pacemaker fibers would be more resistant to procedures by which the membrane is depolarized than those of atrial fibers.
In S-A nodal pacemaker fibers exposed to the solution deprived of Ca++ the maxi mal diastolic potential, the threshold potential and the overshoot were reduced, and the depolarization time, the 10% duration and the 90% duration were prolonged, although these alterations were less marked than those in atrial fibers (4) . Barium ions produced a further decrease in the maximal diastolic potential and the threshold potential but an increase in the size of the overshoot. The durations of action potentials were drastically prolonged.
The similar results were observed in left atria isolated from rabbits, except that the depolarization time was shortened by Ba++ in the left atrium exposed to the Ca++ free solution (4). These findings would suggest that Ba++ serves as a current-carrying ion at zero [Ca"], upon depolarization in not only the left atrium but the S-A node.
However, involvement of Ba++ at zero [Ca++]" and of Ca" itself in the bioelectrical pro cess of the depolarized membrane would possibly be weaker in S-A nodal pacemaker fibers than in atrial fibers.
After termination of electrical stimulation at a frequency of I /sec applied for 5 seconds to left atrial preparations showing Ba++-induced automaticity tachycardia is elicited, which is suppressed by propranolol and in atria from rabbits pretreated with reserpine (4). On the other hand, a frequency of 1/Sec is insufficient to produce an appreciable increase in the atrial rate when transmural stimulation is applied at the S-A node (20) . Chemical and histochernical studies demonstrate that the S-A node is extensively innervated by ad renergic nerve fibers (21, 22) . These findings led me to assume that Ba++ made the cardiac muscle supersensitive to noradrenaline and/or produced the increased release of noradrena line from intracardiac sympathetic nerve terminals. However, the present study proved that Ba++ reduced susceptibility of the S-A node to noradrenaline and to sympathetic nerve stimulation.
Removal of Ca' from the solution shifted the dose-response curve of nor adrenaline right. Involvement of Ca' in the mechanism of adrenoceptive receptors in the heart is already indicated (12) . However, substitution of Ca" with Ba++ which caused marked slowing of the S-A nodal rate did not restore the chronotropic effect of noradre naline.
Calcium ions influence the quantity of noradrenaline released from sympathetic nerve terminals of the isolated rabbit heart (23) and of the cat colon (10) when the nerve is ex cited. Burn and Gibbons (24, 25) showed that isolated organs failed to respond to sym
